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A SUGGESTION FOR THE CORRECTION OF SALINITY DATA
OBTATNED WITH THE S-T-D INSTRUMENT

Anyone Who has compared titrated salinity sanples with
the results of automatic devices which measure salinity or
conductivity of sea water electronically, hes been aware of
inadsquacies In the applicetion of a constant correction to
the data. The purpose of this article 1s to demonstrate a
type of correction which variss acceording tec temperature and
salinity. This correction is essily applied to data obtained
with the Salinity-Temperature-Depth instrument (Jacobscn, 19483;.
By this means, reconcilietion of STD data with corrssponding
salinity samples has been accomplished with marked success for

a Wid) range of conditions and stringency in the region about
Delaware Bay.

Cortain difficulties in the reconciliaticn of STD data
with independent observations may be ascribed to maladjustment
cr migalignment of the mechaniecel linkags between the tempersa-
ture circuvit and the salinity computing circuit. This fault
may not be readily apparent unless fairly wide ranges of saii-

nity and tempsraturs ars encountercd, KErrors due to mieslign-
ment are made manifsst by small discrepancies bhetween check

aamples and STD reccrd when saelinifty is inwWw and/er temperature

is high, expand ng to lesrge ais"repancies when salinity is
high and/or temperaturs ls low,

It is readily seen that this phenomenon cculd seriously
affect interpretations of STD data, For instance, in the casse
of a subsurface lowering, with a check =2ample obtained only at
the surface, the ordinery reconciliaticn might not take into
accouvnt ths possibility of an intreasing anomaly as the instru-
ment was lowered thrcugh colder and more saline water, Lack of
accuracy of thz deta cffsets the adventage end convenience of
tha STD for rapid surveving if discrepancies are large, It is
extremely important that, once the instrument is calibrated,

adjvatments at sea be kept at a minimum end then only with
great care, In the light of the following considerations and
formulae, the STD instrument and its computing circuit has
proven most accursate,

CHARACTERISTIC ERKRCR OF THE STD

Ths first consideration will be to show the relation which
may appoar between a titrated salinity sample and the recorded
salinity as computed by the instrument., The empirical formula
for the salinity computing circuit is

100,000 . o1.0916
S = —25.keT v o737eor — 24887 ¢C e
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where S 1s salinity 1n parts per thousand, T the temperature
in degrees Fahrenheit, C 1s specific conductance inm mhos per
centimeter cube (Jacobason, 1948), The formula is an approxi-
mation designed to glve the least amount of error in ranges
of salinity from 30 9/an to 35 ©/0o0,

If sea water of a certain salinity and temperature 1s
being messured by the instrument; conduciivity of the sample
must also be s certaln valus., Any error in the computed sali-
nity, aside from some constent calibration error, will depend
upon an error in tempersture, assuming no change in conduc-
tivity. Thus,

4T (.73720T + 25.661)<

Or, ADDIOX.

i 73720 Cl.0916 AT )
(.73720T + 25,661)° (2)
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The error in salinity, AS 1s proportional to the temperature
error, AT,

Substltuting for ¢1¢0916 14 (2)

73720 S &T
2,336,373.75 + 60520,66T - 189.6

T

C
[

which cen be simplified to approximately

- .3898 AT $3)
(T - 35u)(T + 35)

The error in salinity is proportional to the true salliaity, S,
end 1s inversely related to temperature, T.

The salinity error caen be serlous 1f the cemputing tempera-
ture differs from the real temperature by only a small amount,
The following table shows some calculations for AS for several
salinitlies and temperatures based on an instrumental error of

~ Q5
i85,
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35 9/vs 3¢ °/o0 25 %/00  Salinity
80°F, 0.43 0.37 0.31
50° 0.53 C.45 0.38
30° 0,65 0.55 046

If the accuracy of the instrumcnt is assumed to be com-
rarable to that of titrated samples, the table above has real
significance, To be comparckle to titrated values, tempera-
ture must not be in error by more then 0,1°F, (the tabulated
A S divided by 10). Even if the recorded temperature is rea-
sonably accurate, it can oe 1lnked erroneously with the com-
puting circuit; consegquently, AT can be a large value without
the observer being aware of the difficulty. Consequently, the
greater the &T, the greater, also, will be the apparent ran-
domness of the salinity error, as shovn by the table and equa-
tion (3)%,

Since equation (3) reguircs simulteneous knowledge of the
salinity error and temperature error to determine the true
salinity of an observation, 1t 1s not adequate, except as a
check, ftor reconciling STD data. The following discussicn will

attempt to devslop an empirical method for the correction of
STD data.

"MPTRTCAT. PFORMULA FOR CORRECTING STD DATA

In the three coordinate system let x = S., the recorded

salinity resulting from instrumental computation, with the
condition that at x = 0O,

5, = 0 and £ = 0

r

The difflerence, S, - S = A S, will be taken vertically along

the v zv4s {as shown in Fig, 1). For a gilven tempsrature, T,
the relation, AS , wlill be constant for a constant tempera-

ture error, AT, in the computing circuit. Alsec,; the ratio

The accuracy of the STD is claimed to b»e within 0,3 9/00.
The successful use ¢f thls method of correction in over a
thousand stations suggests that the accuracy of the 5TD 1s
much better tharn above, Ixndssd, it 1= "nna*h1e that such
latituds in the probable sallnjty orifor is due to inherent
sensitivity in the calibration of ths Instrument and inade-
aquate procedures for malntenance at sea.
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23 AS
= =t e:
8B + AE Sh an .
Consequently,
As, = kSp
Or
SI"
" n
Asn—g?; .k . Sro

If Sp, 1s used as a reference, for a set of data with & con-

stant temperature error,

for & given temperature, Tn .,

On the z axis let z = Tro - Trn where Tro is any tempersa-

ture recorded by the STD, suitable for reference, The point
z =0, =48, x= Sro applles to s known error ol a recorded

salinity at a particular temperature, If we assume that the
temperature circuit 1s in good working order, AT 1s a constant

error in the ccmputing circult end T, ¥ T, From eguaticon (3],

A S 1s nearly inversely prcportionsal to Tp, the recorded
temperature, or, T, 1n the rangcs 30° to 8O%F,

Therefore, as temperature decreases from Tro’ AS will

b4

increase, AS st Tro - Tp, will differ from AS at Trgs C, by

sn amount, C'!' end

ct = (Tro - 7. ) tan? (Figure 1)
n
Let
s
C = AS - Gt = A =—=2
Sp
0

L
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Without rformel proof
tan? =4S, tan ©
= _C it
where‘z 1s a constant and tan 6 = Bro at iro'
o

By substitution, then

—— =£¢

T,
To I'n

Or

eand C' 1s proportionsl to C for any constant temperature,

Since
Srn
C = A S
To
Then
S
r
n
Ci = 3% (T = )
£ S To Tn
Combining,

where B = ZA.

It is regadily sssn thati as long as & rsfcroence S

e 8., 1= int
the formula, (L), can be transposed tc the proven formula
C = AS, by substituting Tp, for Tr,-
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For & set of STD data in which there are a number of cal
bration samples, formula (i) becomes

',»

Whare §; = 8, , the everage S, for which there are samples,
o

T,, = Tro, the average T, of the same samples, i;é = A, the

average deviation of S, from 3 in ithe set of data, Once B

is known, A S can be solved for any pair of values, S, and Tr’

B is solved for in the equation
/As I
- AS
~r“

N
B =L\ = / /n

e
L4
T 4

Ideally, there should be no difficulty solvinmg for B,
but the sensitivity of the computing circuit to Lemperature
1s such that the accuracy needed to check the STD data 1is
scarcely attainable at sea, For the most part, individual
calculations of B are reascnably constant, except for

Tro - Trn < 1°, or, obviously inadequate sampling. The lat-

tar cssas should not be included in the averaging of B, With
the completion of the equation, it is a simple matter to con-
struct a noumogram (Fig, 2) for the range of vslues in the set
of data and to apply the lndicated corrsctions,

The v3l1idity of the ceiculations is dependent on the
uracy, number and range of the checking samples, If a
iden constant calibration ervor 1s included in the calcu-

lations, the accuracy of the formule is affected percentage-

Wwise. 1t is a matter oi judgment whether to apply the feormula
or not, depending on the apparent randomness oif the error,
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